In the maglev train propelled by long stator linear synchronous motor (LSLSM), the thrust characteristics are one of important points to evaluate the performance of the system. However, coupling effect exists between the propulsion and levitation system. Therefore, the interference from the levitation system must be considered when the propulsion system is designed.
INTRODUCTION
Maglev system utilizing long stator linear synchronous motor (LSLSM) propulsion and electromagnetic suspension has been applied in normal commercial operation [1] [2] [3] . The electromagnetic force that makes the train suspend upon the track is produced by the excitation magnetic field. The interaction between armature magnetic field and excitation magnetic field produces the thrust force. The thrust and levitation force are related to the __________________________________________________ excitation magnetic field. This maglev system offers many advantages. However, it also has some disadvantages. Coupling characteristics are very complicated between thrust and levitation force.The characteristic of propulsion control system is one of the important points to evaluate the performance of the maglev train. However, the wide range field excitation fluctuations caused by external interference make the performance of the propulsion even worse [9] [10] [11] [12] . The operation principle of a long stator linear synchronous motor and a rotating synchronous motor are the same. It is a convenient and feasible scheme to verify the propulsion control characteristics of maglev train on rotating synchronous motor. The structure of the LSLSM and test rotating synchronous motor are shown in Fig. 1 and Fig. 2 . The air gap, distribution of air gap magnetic field, stator pole pitch and rotor pole pitch of the rotating synchronous motor are the same or equal proportion with the LSLSM applied in high speed maglev train. 
__________________________________________________
The air gap magnetic field variation of the synchronous motor can affect the thrust performance. The air gap of the LSLSM of the maglev train is variable, and the air gap magnetic field of the LSLSM is influenced by air gap and the excitation current. The suspension system of high speed maglev train must adjust the exciting current to keep the air gap as constant in actual operation. Therefore, no matter the fluctuating air gap or the change of levitation force can be reflected by the fluctuation of the excitation current. Considering the influence of excitation field fluctuation on propulsion control, a special excitation system of the rotating synchronous motor is introduced in this paper. The excitation system is designed to generate the constant DC current for the field excitation, and it also can generate the alternating current at different frequencies to simulate the fluctuation of the exciting current during the actual operation. By this way, the complex coupling relationship between thrust and levitation force can be simplified. Although the air gap length of the rotating synchronous motor is constant, the change of air gap magnetic field can be same with that in actual operation by this special excitation system.
SIMULATION AND EXPERIMENT
In order to simulated the excitation current of the maglev train, the reference value of the special excitation system is set according to the excitation current of the maglev train. The control system diagram is shown in Fig. 3 . Current closed-loop feedback control is employed in the control the voltage source inverter for the special excitation system. The excitation winding of the motor is resistance-inductance load, thus high voltage is needed to produce the required wave current because of the large inductance of the excitation winding. Therefore, a boost circuit is designed in this excitation system. The topology structure of excitation source is shown in Fig. 4 . L 2 and R is the excitation winding load.
In the simulation analysis of the excitation source, voltage closed loop control is used in the boost circuit unit, and current closed loop feedback control is used in the single phase full bridge inverter unit. When the reference of __________________________________________________ excitation current is 12.5 A, the output current waveform of the excitation source is shown in Fig. 5 . When the reference of excitation current is 12.5 A, besides, the sinusoidal fluctuation with amplitude 2.5 A and 3 Hz frequency is added. The output excitation current waveform of the excitation source is shown in Fig. 6 . 
